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ABSTRACT 
A  DNA body is present in the females of the fly  Tipula  oleracea and is formed in contact 
with the sex chromosomes in the oogonial interphases. At each oogonial mitosis,  the DNA 
body follows the chromosomes to one anaphase group and is included in one of the telo- 
phase nuclei. The body increases appreciably in size during the interphase of meiosis.  All 
oocytes  have the body, but only a few nurse cells possess it. The DNA body synthesizes  its 
DNA at a  different time than the chromosomes, as is shown by incorporation of tritiated 
thymidine, and contains 59 % of the DNA of the nucleus, as is disclosed  by spectrophoto- 
metric measurements. At late diplotene the DNA body disintegrates, releasing its DNA 
into either the  nucleus or  the cytoplasm. When studied in the  electron microscope,  the 
DNA body appears composed of a tight mass of intertwined fibrils. Demonstration that the 
main mass of the body is composed of DNA is obtained from cytochemical tests  which 
reveal that  the DNA  body is  Feulgen positive, stains green with azure  B,  incorporates 
H3-thymidine, and after digestion with DNase is Feulgen negative. The DNA of the body 
is complexed with histone, like the DNA of the chromosomes, as is revealed by an intense 
alkaline fast  green staining. Electron microscope examination of oocytes  reveals that one 
side of the DNA body is in close contact with the nuclear envelope and that the other side 
possesses an outer shell composed mainly of particles  150 to 950 A  in diameter. Between 
the outer shell and the chromosomes there is a band of low electron opacity, 4000 to 7000 A 
thick.  In the light microscope, this light band together with the outer shell is Feulgen nega- 
tive and stains violet with azure B, this is confirmation  of the presence of RNA. In the oocytes 
the nucleoli are found inside the DNA body.  These nucleoli have a  nucleolonema com- 
posed mainly of particles  150 to  250 A.  The nucleoli are Feulgen negative, alkaline fast 
green negative, stain violet with azure B, and do not stain with  azure B  after RNase  di- 
gestion, thus confirming their RNA content. The presence of the nucleoli inside the DNA 
body and of a  band of RNA between the body and the chromosomes is indicative of a 
high RNA synthetic activity. Since the DNA of the body is complexed with histone, as in 
the chromosomes, and the nucleoli are located inside the body, the simplest interpretation 
of the DNA body is that it represents hundreds of copies  of the operons of the nucleolar 
organizing region or neighboring regions. The situation found in Tipula  has several basic 
features in common with the polytene chromosomes of other Diptera and with the hun- 
dreds of nucleoli present in  Triturus  oocytes.  In all three cases,  genes seem to  be copied 
hundreds of times but are kept in different types of packages.  A  DNA body like the one 
in Tipula  oleracea is found in other species of Diptera and in the Coleoptera.  There is no in- 
dication, from the present investigation, that  the DNA body is in any way associated  with 
a virus. 
177 INTRODUCTION 
Six main sources of evidence have established that 
DNA is the essential genetic material.  (1)  DNA is 
found  mainly  in  the  nucleus.  (2)  The  DNA con- 
tent of a cell is directly related to the chromosome 
number  of that  cell.  (3)  DNA is  a  stable  macro- 
molecule.  (4)  The  structure  of DNA fits well into 
the replication properties of the gene.  (5)  Genetic 
transformation  in bacteria is carried out by DNA. 
(6)  In viral infection,  it is  the virus DNA that  is 
responsible for the transmission  of the genetic in- 
formation  leading  to  the  production  of  a  new 
generation  of virus.  This  evidence  was  gathered 
between  1945  and  1955.  In subsequent years,  the 
notion that  DNA is the essential  genetic material 
has  become  still  better  established  by  the  results 
of studies on the genetic code. 
The studies of the last four years, however, have 
furnished  new  results,  which,  without  impairing 
the  validity  of  this  concept,  have  enlarged  our 
notion of the role of DNA in heredity.  For many 
years, it was supposed  that DNA was found solely 
in the nucleus.  The combined use of cytochemical 
tests,  electron  microscopy,  radioautography,  and 
biochemical  methods  has  recently  shown  that 
DNA  is  present  also  in  chloroplasts  and  mito- 
chondria  (review  in  Gibor  and  Granick,  1964). 
Most of the  available evidence points  to DNA 
as  being  a  stable  molecule.  Because  there  is  a 
constant  proportionality  between  DNA  content 
and  chromosome  number  in  a  nonreplicating 
nucleus,  the DNA complement of a  cell is gener- 
ally considered  to  be  stable  also.  This  is  not  the 
case,  however, in the fly Tipula  oleracea in which a 
DNA  body  in  the  nucleus  of the  cells of the  fly 
incorporates  H3-thymidine  at  a  different  time 
than  the  chromosomes,  contains  approximately 
59 %  of the DNA of the nucleus, and disintegrates 
at  late diplotene,  releasing  its DNA into  the  nu- 
cleus  or  the  cytoplasm  (Lima-De-Faria,  1960, 
1962).  This is a  situation in which DNA is clearly 
metabolized,  i.e.  synthesized  disproportionately 
and then lost. However, this phenomenon does not 
contradict  the  evidence available  on  the  general 
stability of DNA as compared  with RNA or pro- 
tein.  DNA remains a  much more stable  molecule 
than  the  two  other  main  chromosomal  compo- 
nents,  but  the  findings  in  Tipula  constitute  clear 
evidence  that  DNA  is  not  necessarily  always 
stable. 
This  type  of  DNA  body  was  described  in 
Dytiscus as early as  1901  by Giardina.  It was then 
established  that  a  large  body,  staining  like chro- 
matin,  was  present  in  the  nuclei  of oocytes  but 
was absent in the nuclei of nurse cells. During four 
oogonial  divisions,  the  body  was  sorted  out  be- 
tween  the  emerging  oocyte  and  the  nurse  cells, 
only the oocytes receiving it. This body was further 
studied by Gunthert  (1910).  In recent years, using 
cytochemical  methods  and  tritium  radioautog- 
raphy,  Urbani  and  Russo-Caia  (1964)  have 
shown  that  the body of Dytiscus has  a  high DNA 
content  and  that  it  disintegrates  during  oocyte 
growth.  At this time, a  gradual loss of DNA from 
the body is observed. 
As early as  1931  and  1933,  Bauer  described  in 
Tipula  a  body  similar  to  that  of  Dytiscus, and 
showed  that  it  was  a  distinct  Feulgen-positive 
organelle  built  in  contact  with  the  sex  chromo- 
somes.  In  Tipula  the DNA body is present only in 
the females, appears suddenly in the interphase of 
the oogonia four divisions before meiosis, and dis- 
integrates  at  a  given time  in  the  development of 
the fly (Bayreuther,  1952,  1956;  Bauer,  1952).  In 
Dytiscus also,  the body is present only in females. 
However, in  Tipula  it is present not only in every 
oocyte,  but  also  in  some  nurse  cells.  Bayreuther 
(1956)  made a  detailed analysis of the behavior of 
this Feulgen-positive body and showed its common 
occurrence in several species of the family Tipuli- 
dae. 
After  demonstrating  that  the  DNA  body  in 
Tipula  oleracea  became  labeled  with  tritiated 
thymidine,  synthesized  its  DNA  at  a  different 
time than  the chromosomes,  and  contained  more 
than  half of the  DNA  of the  nucleus  (Lima-de- 
Faria,  1960,  1962),  we  became  interested  in 
clarifying the following points in connection with 
its organization,  viz.  (I)  the ultrastructure  of the 
DNA body  and  its spatial  relation  to  the nuclear 
envelope and  the chromosomes;  (2)  the degree of 
association  of  the  nucleoli  with  the  body;  (3) 
the  type  of protein  associated  with  the  DNA  of 
the body; and  (4)  a  possible relation of the DNA 
body with the DNA viruses known to infect Tipula 
flies (Smith,  1956;  Thomas  and  Williams,  1961). 
MATERIALS  AND  METHODS 
A.  Electron  ]licroscopy 
Larvae  of  Ti1~ula oleracea were  fixed  for  electron 
microscope  studies  on  the  5th  day  of  their  fourth 
larval instar.  The  ovaries dissected in insect  Ringer 
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at  pH  7.2  with  veronal-acetate.  The  fixation  time 
was  2  hr,  after which the ovaries were immersed in 
Ringer solution for  15  min and  then transferred to 
70%  alcohol  where  they remained  over night.  The 
material was  subsequently transferred to  95%  alco- 
hol  (2  hr),  and  afterwards  to  100%  alcohol  (2  hr). 
Embedding  was  made  in  Epon  according  to  Luft 
~1961), 
Sections cut at 0.5/.t were divided into two groups: 
one  stained  with  toluidine  blue,  the  other  with 
Feulgen, to obtain information with the light micro- 
scope on the location of the various cell types in the 
ovary and of the DNA body in these cells.  Adjacent 
sections of the same block were cut at ca. 900 A  (gold 
to  silver)  for  electron  microscopy.  These  were 
stained with uranyI acetate followed by lead staining 
at  1/100  concentration  for  20  rain  (Karnovsky, 
1961).  Micrographs were  made with a  Philips EM- 
100B  at  magnifications of 2,640  to  6,000  and were 
enlarged photographically thereafter. 
B.  Cytochemical  Tests 
The  ovaries  used  in  this study  were  from  larvae 
at the same stage  of development  as  those used  for 
electron microscopy.  The  material was  fixed in 4% 
formaldehyde with sucrose buffered  at pH  7.2 with 
phosphate.  After embedding in polyester wax  (Sid- 
man,  Mottla,  and  Feder,  1961),  sections  were  cut 
with a  rotary microtome at 3  ~.  After the wax  was 
removed,  the sections were submitted to the follow- 
ing c~tochemical tests. 
Azure B  staining was  used  according to  Flax  and 
Himes  (1952)  for  DNA  and  RNA.  It  stains  DNA 
green  and  RNA  violet. 
Feulgen reaction (according  to  Swift,  1955).  DNA 
stains red-violet;  RNA  remains  unstained. 
Alkaline fast  green was  used  according  to  Alfert 
and  Geschwind  0953)  for identification of histones 
which  stain  green  after  this  reaction. 
Deoxyribonuclease. The  sections  were  treated  with 
DNase  according  to  Swift  (1955)  and  then stained 
with Feulgen,  as  a  control for the absence of DNA. 
Ribonudease.  Other  sections  were  treated  with 
RNase  according to  Swift  (1955).  Azure  B  staining 
was  used  after  RNase,  as  a  test  for  the  absence  of 
RNA. 
RESULTS 
Each of the two ovaries of a  Tipula  oleracea female 
larva  is  ca.  300  /~  in  diameter  (Fig.  1).  Within 
each  ovary,  three  main  types  of cells  are  found 
(Bauer,  1932):  (1)  oocytes  (0),  (2)  nurse cells (n), 
and (3) follicle cells (])  (Fig.  2). A  Tipula ovary is 
composed of egg chambers.  In a  3 ~  section, each 
egg  chamber  is  usually  composed  of one  oocyte 
surrounded  by four  to  five nurse cells,  and  these 
are,  in  turn,  surrounded  by  several  follicle  cells 
(Figs.  1 and 2). 
Every  oocyte  contains  the  DNA  body.  In  this 
cell  type,  at  early  prophase  of meiosis,  one  very 
large DNA body is present that fills approximately 
half of the nucleus.  In Fig.  2,  the DNA  body fills 
most of the nucleus (the darkly stained round mass 
of  Feulgen  material)  and  the  chromosomes  are 
seen only as a  small crescent around the body. 
Electron Microscopy 
Study of the DNA body in the oocytes with the 
electron  microscope  (E.M.)  reveals  the following 
(Fig.  3).  (1)  In  all oocytes  studied,  the  body  (b) 
is a  spheroid one side of which is in close contact 
with  the  nuclear  envelope  (ne). Between  the  nu- 
clear  envelope  and  the  body  there  is  no  distin- 
guishable  natural  boundary.  (2)  On its opposite 
side,  the body is separated from the chromosomal 
mass by an outer shell (os).  The outer shell has a 
thickness of 500 to  700 A  and is composed mainly 
of particles 150 to 250 A in diameter. The structure 
of the outer shell is indistinguishable from that of 
the  nucleolonema  (nln),  and  the particles  are  in- 
distinguishable  in  size  and  shape  from  the  ribo- 
somes (r) of the cytoplasm (Figs. 3 to 5). The outer 
shell is interrupted at several sites, and at some of 
these sites there are extrusions of the main mass of 
the body.  These  masses protrude  in the direction 
of the nuclear  envelope  (Figs.  3  and  4).  (3)  The 
main mass of the body consists of a  tightly inter- 
twined fibrillar material which is quite dense after 
uranyl and lead  staining  (Fig.  5).  (4)  Within the 
mass  of  the  DNA  body  are  found  one  or  more 
nucleoli.  These  are  well  defined  circular  areas 
consisting  of  a  highly  ramified  nucleolonema  in 
which  nucleolar  particles  150  to  250  A  in  diam- 
eter  are  present.  These  particles  have  the  same 
shape and  size as the ribosomes in the cytoplasm 
(Fig.  5).  (5)  Between the outer  shell of the DNA 
body  and  the chromosomes is seen a  band  (light 
area)  of less  density  than  the  chromosomal  ma- 
terial  (Figs.  3  to  5).  The  thickness  of  this  band 
(la)  varies from 4000 to  7000 A. 
The DNA body found in some nurse cells has a 
different  size,  shape,  and  organization  than  the 
one in the oocytes  (Figs.  6  and  7).  (1)  The  body 
(b)  is appreciably smaller.  (2)  It is not always in 
contact  with  the  nuclear  envelope  on  one  of its 
sides.  (3)  There is no indication of an outer  shell 
on  the  side  facing  the  chromosomes.  (4)  The 
nucleolus  in  some  nurse  cells  partly  surrounds 
the  body  (Fig.  6),  or  is  at  the  side  of  the  body 
A.  LI•A-DE-FxalA  AND  M.  ft.  MOSES  Metabolic DNA in Tipula  179 FIGURE  l  3 /~  section of an  ovary  of  Tipula  oleracea, fixed in  buffered formaldehyde,  embedded in 
polyester wax, and stained with Feulgen. The arrow points to the egg chamber which is enlarged in Fig. ~. 
X  290. 
FIGtrUE ~  Section of egg chamber showing oocyte (o) in the middle of chamber, four nurse cells (n) sur- 
rounding the oocyte, and several follicle cells (.f) encircling the nurse cells. The DNA body is the darkly 
stained round mass occupying most of the oocyte nucleus; the chromosomes are seen only as a  crescent 
around the body. Feulgen staining.  X  2,750. 
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as  is  the  case  in  the  oocytes.  The  difference  in 
structure of the DNA body and  the nucleolar ma- 
terial is particularly distinct in Fig.  7 in which the 
body  shows its compact fibrillar structure  and  the 
nucleolus  is  mainly  composed  of an  aggregate  of 
dense particles. 
Nurse cells that  do  not contain  the DNA body 
have,  instead,  quite  complex  nucleoli  with  a 
highly  developed  and  ramified  nucleolonema 
(nln, Fig. 8). The spaces between the nucleolonema 
are either filled with a dense mass of nucleolar par- 
ticles  (nucleolar  material,  nlm,  Fig.  8)  or  have 
only a  few very thin fibrils and  a  few particles. 
The follicle cells are usually  elongated  (Fig.  9). 
They  do  not  contain  the  DNA  body  but  have  a 
relatively  large  nucleolus  (nl)  essentially  similar 
in  structure  to  that  of the  oocytes  and  the  nurse 
Fm~E  $  Oocyte at early prophase of meiosis,  showing DNA body inside the nucleus. One side of the 
DNA body (b)  is in close contact with the nuclear envelope (he),  and the other side is surrounded by an 
outer shell (os). A lighter area (la) is seen between the outer shell and the chromosome material (c). The 
circular area  with  a  ramified nucleolonema inside the body  is  the main nucleolus  (nl).  Three  smaller 
nucleolar islands are found to the left of the large nucleolus in the body. Buffered OsO4; Epon.  X  19,500. 
A. LII~r~-DE-FARIA  AND M.  J.  MosEs  Metabolic  DNA in  Tipula  181 cells.  In  the  light  microscope,  after  the  Feulgen 
reaction  heterochromatin  is visible in  the form of 
small  darkly  stained  patches  along  the  nuclear 
envelope and  close  to  the  nucleolus.  This hetero- 
chromatin  (c)  appears  in  the  electron  microscope 
as small dense masses composed of a  fibrillar ma- 
terial  (Fig. 9). 
A  search for the presence of viruses in the  Tipula 
cells  showed  that,  in  the  material  studied,  no 
recognizable virus could  be detected  in  either the 
DNA  body  or  any  other  cell  component.  The 
Tipula  larvae  had  been  raised  in  the  laboratory 
for several generations,  and  every effort has  been 
made to maintain the cultures free from any infec- 
tion that would easily kill the larvae. When present 
in an infected cell, the viruses have a  distinct rod 
shape,  easily  identifiable  in  the  electron  micro- 
scope (Smith,  1956). 
Cytochemlcal Tests 
These  tests  were  performed  to  obtain  further 
information  on  the  chemical  nature  of the  struc- 
tures observed  with  the  electron  microscope.  The 
Feulgen  reaction,  when  applied  to  oocytes at  the 
early-middle  prophase  of  meiosis,  shows  the 
chromosomes with the usual red-violet color  (Fig. 
10  a,  b,  c).  The  DNA  body  is  heavily  stained, 
much  more  intensely  than  the  chromosomes. 
This  is  due  to  the  body's  higher  DNA  content. 
Spectrophotometric  measurements  disclose  that 
the body contains four times more DNA per unit 
area  than  the  chromosomes  (Lima-de-Faria, 
1962). 
In  size,  shape,  and  position,  the  Feulgen- 
stained  DNA  body  agrees  quite  well  with  the 
corresponding  structure  seen  in  the  electron 
FIOVRE 4  Oocyte at early prophase of meiosis. One side of the DNA body (b) is in contact with the nu- 
clear envelope (he), and the other side has an outer shell (os)  interrupted at several sites.  A lighter area 
(la)  separates  the  outer  shell from the  chromosome material  (c).  Five nucleoli are present  inside the 
body, two large (rd) and three small ones.  Buffered Os04;  Epon.  X  19,500. 
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a  spheroid  (area  /,  Fig.  10 c)  located acentrically 
in the nucleus; one side of it is in contact with the 
nuclear  envelope,  and  the  other  side  faces  the 
chromosomes  (area  4,  Fig.  I0 c).  There  is  a  dis- 
tinct Feulgen-negative band between the body and 
the chromosomes  (area  3,  Fig.  10 c)  which is also 
seen  in  Fig.  10  a  and  b.  The  thickness  of  this 
Feulgen-negative  band  is  0.5  to  0.7  /z.  In  the 
electron  microscope,  between  the  body  and  the 
chromosomes there is the outer shell and  the light 
area  (Figs.  3 to 5).  The outer shell has a  thickness 
of 500  to  700  A,  and  the  light  area,  of 4000  to 
7000  A.  The outer  shell is too thin  to  be  seen in 
the light microscope (L.M.)  but there is very good 
agreement  between  the  thickness  of the  Feulgen- 
negative  band  in  the  L.M.  and  the  thickness  of 
the  light  area  in  the  E.M.  The outer  shell could 
also  be  considered  a  component  of the  Feulgen- 
negative  band,  because  it  is  thin  enough  to  fit 
FmL~E 5  Oocyte at early prophase  of meiosis.  Portion of structures  shown in Fig. 4 are shown at a 
higher magnification. The cytoplasm contains numerous ribosomes (r). In the space between the nuclear 
envelope (ne) and the nuclcolus,  the DNA body (b) can be seen to be composed of pairs of fibrils running 
parallel for short intervals. In the nucleolus,  the nucleolonema (nln)  and the nucleolar particles (np) are 
particularly distinct. Small regions of the outer shell (os) and of the light area (la) are seen. Buffered OsO4; 
Epon.  )< 41,000. 
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thickness is only 1/~"  0 of the light area).  Moreover, 
the outer  shell of  the  body  has  an  uhrastructure 
that  is  indistinguishable  from  that  of  the  nu- 
cleolonema,  and  is  composed  of particles  of  the 
same  size  and  shape  as  the  ribosomes,  a  strong 
indication  of a  high  RNA content.  It  is  thus  ex- 
pected  to be Feulgen negative. 
The  presence  in  the  light  microscope  of  the 
Feulgen-negative  band  shows  that  the  chromo- 
somes  are  not  in  contact  with  the  DNA  body 
throughout  most  of its  surface.  On  the  side  op- 
posite  the  Feulgen-negative  band,  the  body  is in 
direct  contact  with  the  nuclear  envelope;  the 
production  of any  substance  by  the  body  could 
easily be released throughout the nuclear envelope. 
On  the  outer  shell  side,  such  a  release  would  be 
hindered  by  the  close  contact  with  the  chromo- 
somes.  The  chromosomes  are  kept  a  distance  of 
4000 to 7000 A  away from the body by a Feulgen- 
negative  substance.  In  many  oocytes  seen  in  the 
E.M.,  extrusions of material  from the DNA body 
are found  in the  areas  in  which the outer  shell is 
not continuous  (Figs.  3  and  4).  Such observations 
FIGURE 6  Nurse cell. In the cytoplasm arc present annulate lamellae (a/)  and dense masses  (din) in the 
vicinity of the nuclear envelope (ne). The DNA body  (b)  is smaller than  in the oocytes and is usually 
surrounded by the nucleolus (nil).  A smaller nucleolus (nU)  is present on the other side of the nucleus. 
Chromosome material (c)  is seen between the two nucleoli.  Buffered OsO4; Epon.  )<  16,000. 
184  T•E  JOURNAL OF CELL BIOLOGY • VOLUME 80,  1966 FIGURE 7  Nurse cell. The structures of the DNA body  (b)  and of the nucleolus (nl)  may be compared 
in this micrograph. The DNA body consists of pairs of fibrils running parallel for short intervals, whereas 
the nucleolus shows  mainly a large mass of particles. Nuclear envelope" (ne);  chromosome material  (c). 
Buffered OsO4; Epon.  )< 86,000. 
suggest  the  passage  of products  or substances  out 
of the DNA body. 
Inside the Feulgen-positive body, one or several 
Feulgen-negative circular areas  (area  2,  Fig.  10 c, 
and  Figs.  10  a  and  b)  can  be  seen  in  the  L.M. 
These areas agree in size, shape,  and location with 
the  nucleolar  areas  inside  the  DNA  body  of 
oocytes seen in the E.M.  The fact that these areas 
are  Feulgen  negative  is  an  indication  of  their 
RNA  content  and  is  in  full  agreement  with  the 
ultrastructure  observed,  in which a  nucleolonema 
and  RNA  particles  are  the  main  components  of 
these areas. 
The  alkaline  fast  green  staining  is  selective for 
basic  proteins  such  as  histones.  After  the  oocytes 
were  stained,  the  chromosomes  appeared  green, 
as expected,  and  the DNA body was very heavily 
stained  (area  1,  Fig.  10 f  and  Figs.  10  d  and  e). 
This  means  that  the  DNA  in  the  body  is  un- 
doubtedly  associated  with histone,  as is the DNA 
in  the  chromosomes.  Within  the  deeply  green- 
stained DNA body can be seen several fast green- 
negative circular  areas  which  correspond  in  size 
and  shape  to  the  nucleolar  areas  which  are 
Feulgen negative (area 2, Fig.  10f and Fig.  10 d). 
Also very distinct,  after  alkaline  fast  green,  is an 
unstained  band  between  the  DNA  body  and  the 
chromosomes (area  3, Fig.  10f and Figs.  10 d and 
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as the Feulgen-negative band  seen in the oocytes. 
Azure  B  at  pH  4  stains  DNA green  and  I~NA 
violet.  In  the  oocytes,  after  this  stain,  the  DNA 
body is a bright green which is a further confirma- 
tion  of its  DNA  content  (area  1,  Fig.  10  h  and 
Fig.  l0  g).  A  violet  band  is  found  between  the 
body  and  the  chromosomes  which  occupies  the 
same  position  as  the  Feulgen-negafive  band  and 
the  alkaline  fast  green-negative  band.  This  is 
confirmation  that  this  area  is rich in  RNA  (area 
3,  Fig.  l0  h  and  Fig.  10 g).  This  band  seems  to 
correspond  in the  E.M.  to the light area  and  the 
body's outer shell. 
FI6URE 8  Nurse cell. In this nurse cell no DNA body is present. The nucleolus is composed of a highly 
ramified nucleolonema (nln).  The spaces  between  the  nucleolonema are either filled with nucleolar ma- 
terial (nlm) composed of many particles, or have thin fibrils with only a few particles in between. Buffered 
OsO4; Epon.  X  36,000. 
186  THE JOURNAL OF  CELL  BIOLOGY •  VOLUME  30,  1966 FIGURE 9  Follicle cell. The follicle cells have no DNA body, the nucleolus (nl)  is centrally located in 
the nucleus. Chromosome material (c) is seen in the vicinity of the nucleolus and in close contact with the 
nuclear envelope (ne).  A trachea (t) is seen at left. Buffered OsO4; Epon.  )< 19,500. 
Within  the  DNA  body  are  seen  circular violet 
areas of the  same  size  and  shape  as  the  Feulgen- 
negative  and  alkaline  fast  green-negative  areas 
which  correspond  to  the  nucleoli  in  the  E.M. 
(area  2,  Fig.  10  h,  and  Fig.  10 i).  This is further 
confirmation  that  these  areas  contain  RNA.  The 
cytoplasm  in  these  cells is  heavily violet stained, 
as  expected,  due  to  its  high  RNA  content. 
The  same  cytochemical  tests  were  applied  to 
nurse  cells  (Fig.  11).  The  E.M.  revealed  that  in 
this cell type the DNA body is smaller than in the 
oocytes  and  usually  partly  surrounded  by  the 
nucleolus.  The  Feulgen  staining  shows  the  body 
heavily stained  and  a  large semicircular area that 
is  Feulgen  negative  and  which  corresponds  in 
size, shape,  and  location to the nucleolar material 
seen  in  the  E.M.  (Fig.  11  a  to  c).  Alkaline  fast 
green  shows the  body  to  contain  histone  and  this 
semicircular  area  to  be  unstained.  The  azure  B 
staining is in very good agreement with the previ~ 
ous  tests  staining  the  DNA  body  green  (area  1, 
Fig.  11  d)  and  the nucleolar area  (area  2)  violet. 
A.  IaMA-DI~-FAmA  AND M.  J.  MosEs  Metabdic DNA in  Tipula  187 FIGURE 10  Oocytes at early prophase of meiosis.  Light microscopy, cytoehemieal tests, a to c,  Feulgen 
reaction:  the  Feulgen-positive body  (1)  contains  Feulgen-negative  nucleolar  areas  (2).  Between  the 
body and the chromosomes (4) there is a Feulgen-negative band (3). d to f, Alkaline fast green: the DNA 
body (1) stains heavily green, whereas the nucleolar areas (2) remain unstained.  An alkaline fast green- 
negative band (3) is seen between the chromosomes (~) and the DNA body. g to i, Azure B: the cytoplasm 
stains deep violet; the DNA body (1) is bright green; the nucleoli (2)  stain  violet; theband  (3)  between 
the body and the chromosomes stains violet; and the chromosomes (4) are green. The violet nucleoli are 
particularly well seen in Fig.  10 i. Buffered formaldehyde; polyester wax.  X 2,750. 
The  chromosomes  stain  light green  (area  4)  and 
the cytoplasm dark violet (Fig.  I 1 d to f). 
DNase  and  RNase  treatments  were  also  per- 
formed  on  oocyte  sections,  as  a  further  control. 
DNase  digestion  was  followed  by  the  Feulgen 
reaction,  and  RNase  treatment  by  azure  B.  The 
oocytes  treated  with  DNase  and  stained  with 
Feulgen  show  all  cell components  unstained  as  a 
result of the removal of the DNA from the chromo- 
somes and  the DNA body.  This is additional con- 
firmation of the presence of DNA in the body. 
After RNase  digestion followed by azure  B,  all 
cell components  are unstained  with the exception 
of the chromosomes and the DNA body, which are 
stained  green.  The  RNA has  now  been  removed 
from  the  nucleoli,  the  light  area,  and  the  cyto- 
plasm,  since none of these areas stains violet. This 
cytochemical picture is also in full agreement with 
the previous ones. 
CONCLIYSIONS 
The  combined  results from the  E.M.  studies  and 
cytochemical tests  reveal the following (Table  I). 
(1)  The DNA body is composed of a  tight mass of 
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DNA  body  is composed  of DNA  is demonstrated 
by  (A)  positive  Feulgen  reaction,  (B)  incorpora- 
tion  of H3-thymidine  (Lima-de-Faria,  1962),  (C) 
green  staining  with  azure  B,  and  (D)  DNase 
digestion.  (2)  The DNA of the body is complexed 
with histone,  as is the DNA of the chromosomes. 
This is revealed  by the very intense green color in 
the  body  after  alkaline  fast  green  staining.  The 
chromosomes  also  stain  green  but  with  less  in- 
tensity.  (3)  In  the  oocytes,  the  body  is  in  close 
contact, on one side, with the nuclear envelope, a 
location  that  allows  easy  metabolic  exchanges 
with the cytoplasm.  On  the other  side,  the DNA 
body has an outer shell composed mainly of RNA 
particles  150  to  250  A  in  diameter.  This  outer 
shell is interrupted at several places. At these loca- 
tions extrusions of the DNA  mass  are  often  seen. 
Between  the  outer  shell  and  the  chromosomes  a 
band of low electron opacity is observed; this has a 
thickness of 4000  to  7000  A.  In  the  light micro- 
scope,  a  Feulgen-negative  band  which  stains 
violet with azure B occupies a  position which cor- 
responds to  the location of the outer  shell and of 
the  low  density  band  seen  in  the  E.M.;  this  is 
confirmation of the  presence  of RNA.  (4)  In  the 
FIGURE 11  Nurse  cells.  Light microscopy,  cytochemical tests,  a  to c,  Feulgen reaction: the Feulgen- 
positive DNA body (1) is surrounded by a Feulgen-negative nucleolus (2), the chromosomes are seen at 
(4). d to f, Azure B: the DNA body (1)  is bright green and is surrounded by a  violet nucleolus (2). The 
chromosomes  (]~) stain  green,  and  the cytoplasm  deep  violet.  Buffered formaldehyde;  polyester  wax. 
X  %750. 
TABLE  I 
Results  of Cytochemical  Methods  Applied  to  the  Oocytes of  Tipula  Oleracea 
DNA body  Band between 
DNA body and 
DNA mass  Nucleolar  areas  chromosomes  Chromosomes  Cytoplasm 
Feulgen reaction  -t-  --  --  -t-  -- 
Alkaline fast green  -t-  --  --  -t-  -- 
Azure B  Green  Violet  Violet  Green  Violet 
DNase plus Feulgen  ..... 
RNase plus azure B  Green  --  --  Green  -- 
A.  LIMA-DE-FARIA AND  M.  ft.  MOSES  Metabolic DNA in Tipula  189 oocytes, the cell nucleoli are found  inside the DNA 
body.  There  is  no  indication  of  their  presence 
elsewhere  in  the  nucleus.  The  nucleolar  areas 
found  within the body  have  all  the  characteristics 
ofnucleoli: (A) they contain a  nucleolonema  com- 
posed  mainly  of RNA particles  150  to  250  A  in 
diameter;  (B) this nucleolonema is ramified,  as in 
the  nucleoli  of  other  species  (Marinozzi,  1964); 
(C) the nucleoli are Feulgen negative, alkaline fast 
green negative,  stain  violet with azure B,  and  do 
not  stain  with  azure  B  after  RNase;  this  is  con- 
firmation of their RNA content. 
DISCUSSION 
The  situation  described  here  in  Tipula  (Diptera) 
is  not  so  extreme  or  unique  as  it  may  have  ap- 
peared  a few years ago. 
On  the  basis  of  our  increasing  knowledge  of 
chromosomal  activity  and  macromolecular  con- 
comitants of gene action,  it is possible to conceive 
of the phenomenon observed in Tipula  as part of a 
more general  pattern  of chromosomal differentia- 
tion. 
In the polytene chromosomes of salivary glands 
of  Diptera,  all  the  genes  of  a  chromosome  are 
copied  hundreds  of times.  Larval  salivary  glands 
are tissues in which large amounts  of proteins  are 
being  produced.  The  polytene  chromosomes  ap- 
parently  represent  an  adaptation  in  which  the 
availability of a  large amount of genetic informa- 
tion is connected with a  rapid production of large 
quantities of protein. In the polytene chomosomes, 
not all operons seem to be active at the same time 
during  the  development  of the  gland.  At certain 
chromosome areas, the hundreds of chromonemata 
separate from each other slightly, forming what is 
called  a  "puff."  Such  a  separation  probably 
represents an unfolding and redistribution to make 
available  more  genetic  regions  for  increased  in- 
teraction with the surrounding molecular pool and 
for  increased  production  of gene  product.  These 
"puffs"  are  active sites of RNA and  autonomous 
DNA  synthesis  (Breuer  and  Pavan,  1955;  Ficq 
and  Pavan,  1957;  Rudkin  and  Corlette,  1957; 
Stich and  Naylor,  1958;  Pelling,  1959;  Beerman, 
1963).  The  situation  described  for  Tipula  oleracea 
in  the  present  paper  can  be  most  easily  inter- 
preted  by  comparison  with  such  differentiations 
in the polytene chromosomes. 
The DNA body is known to be formed in contact 
with the sex chromosomes (Bayreuther,  1956). The 
finding that  the nucleolus is found inside the body 
suggests  that  the  chromosome  region  that  takes 
part  in forming  the DNA  body  is either  tile nu- 
cleolar organizing  region  or  a  chromosomal  seg- 
ment  involving it.  The  fact  that  the  DNA  body 
contains  ca.  59%  of  the  DNA  of  the  nucleus 
(Lima-de-Faria,  1962)  and  that  the  DNA of the 
body resembles  the  DNA  of the chromosomes  in 
being associated with a  histonelike protein is con- 
sistent with  the idea  that  the  body  represents  an 
aggregation  of  hundreds  of  copies  of  a  given 
chromosomal  segment.  If this  segment is the nu- 
cleolar  organizer  or  a  neighboring  region,  then 
the DNA body could very well consist of hundreds 
of repetitions  of the operons  in  this  region. 
The difference between a  polytene chromosome 
and the Tipula meiotic chromosome with the DNA 
body  attached  could  be  the  following.  In  the 
polytene  chromosomes,  all  genes  are  copied 
hundreds  of times and  some are more active at a 
given stage than others.  In  Tipula,  most genes are 
copied  only  a  few times,  as  in  a  regular  meiotic 
chromosome,  but  the nucleolar organizing region 
or  a  neighboring  region  is  copied  hundreds  of 
times. 
There  may  also  be  a  connection  between  the 
behavior of DNA in the  Tipula  oocyte and that of 
DNA  in  the  oocytes  of  urodeles.  It  should  be 
pointed out, in passing,  that the meiotic prophase 
in  oocytes  is  generally  a  time  of  active  protein 
synthesis and cell growth and  that it is not unrea- 
sonable to expect to find chromosomal differentia- 
tions  that  either  accommodate  or  are  a  conse- 
quence of the increased  activity. 
In the oocytes of Triturus, at prophase of meiosis, 
hundreds  of  nucleoli  float  in  the  nuclear  sap. 
These  nucleoli were formed  previously in contact 
with the chromosomes.  Miller (1964)  has recently 
investigated  these  nucleoli  with  electron  micros- 
copy and  enzyme treatments  and  has  found  that 
each  nucleolus  contains  DNA  in  the  form  of  a 
ring.  According to Miller, this situation  probably 
represents  a  single  chromosomal  locus  endore- 
duplicating independently of the rest of the genome 
in hundreds  of copies, each copy being present in 
one nucleolus that later becomes free in the nuclear 
sap. This phenomenon has several basic features in 
common with both the polytene chromosomes and 
the Tipula DNA body. Hundreds of copies of DNA 
are apparently  produced in all three cases.  In the 
polytene  chromosomes  all  genes  are  copied  and 
kept together; in  Tipula  only one region is copied, 
but  all  copies  are  kept  together;  and  in  Triturus 
190  THE JOURNAL OF CELL BIOLOGY • VOLUME 30,  1966 only one region is copied and  each copy remains 
separated in its own nucleolus. 
There is an intense growth of the  Tipula  DNA 
body during the interphase of meiosis; at this stage, 
the body becomes several times larger than it was 
during the  oogonial interphases.  The presence of 
large amounts of RNA in the nucleoli as well as in, 
and possibly around,  the outer shell of the body is 
indicative of a high RNA synthetic activity inside 
the DNA body. The body disintegrates at diplotene 
and  the DNA becomes free in  the nucleus or the 
cytoplasm. 
The  occurrence  of  the  DNA  body  in  Tipula 
oleracea is not an isolated case.  Similar bodies are 
present  in  T.  lateralis,  T.  caesia,  T.  pruinosa,  T. 
marginata,  and  in  two species  of another  genus of 
Diptera:  Pales  quadristriata  and  P.  scurra  (Bay- 
reuther,  1956).  In  Dytiscus  marginalis,  a  Coleop- 
teran, Urbani and Russo-Caia (1964)  have studied 
in detail a  similar DNA body.  Cytochemical tests 
and tritium radioautography reveal that the DNA 
body of Dytiscus is also composed of a large mass of 
DNA and  that the nucleoli are located inside the 
body. During the beginning of meiosis,  the oocyte 
grows rapidly.  There is then  a  gradual DNA loss 
and the body disintegrates. 
In  the  Hemipteran  Acanthocephala  bicoloripes, 
Schrader  and  Leuchtenberger  (1952)  observed 
extrusion  of  Feulgen-positive  droplets  from  the 
nuclei of the end chamber which were used as ma- 
terial  for  the  growing  egg.  In  the  Crustacean 
Cyclops strenuus,  Sfich (1954)  has also observed the 
release from the chromosomes of Feulgen-positive 
bodies which are later found in the spindle. 
Thus, the release of DNA from the chromosomes 
has been reported in Diptera, Coleoptera, Hemip- 
tera,  and  Crustacea.  In  higher  plants,  Sampson 
et al.  (1963)  reported the occurrence of two forms 
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